Two experiments were conducted to determine the total tract digestibility of energy and the DE and ME values of 10 European wheat dried distillers grains with solubles (DDGS) fed to growing pigs and adult sows. The wheat DDGS were obtained from European ethanol plants and selected to get a large variability. One control diet, based on wheat (87.2%), soybean meal (10.0%), and minerals and vitamins, and 10 experimental diets prepared from the control diet and 25% each of the 10 sources of DDGS, were fed to 66 crossbred barrows (6 per diet) according to a factorial arrangement or 6 adult sows according to a pseudo Latin square design. Animals were placed in metabolism cages that allowed for the total, but separate, collection of feces and urine for 8 to 10 d after a 7-to 11-d adaptation period. By subtracting the contribution from the control diet in the DDGS-containing diets (i.e., difference method), N and GE digestibilities and DE and ME values for each source of DDGS were calculated. The energy digestibility in wheat DDGS averaged 66.5% (56.3 to 76.0%) and 71.2% (59.7 to 78.2%) in growing pigs and adult sows, respectively. Consequently, average (range) DE values of DDGS were 14.0 (11.8 to 16.2) and 14.9 (12.5 to 16.4) MJ/kg of DM for growing pigs and adult sows, respectively. Our data show that DE content of wheat DDGS can be predicted from their ADF content or from the lightness score (L). By excluding the dark and overheated samples (L <50) with the least energy digestibility and DE values, the average energy digestibility values were 69.5 and 74.4% in growing pigs and adult sows, respectively, with corresponding DE values of 14.6 and 15.6 MJ/kg DM, which are more representative of a well-controlled process for DDGS preparation. The negative effect of L on energy value and energy digestibility indicates that the occurrence of Maillard reactions should be reduced to maximize the energy value of wheat DDGS for pigs.
INTRODUCTION
There is an increasing worldwide interest in biofuels (bioethanol and biodiesel) production from grains (Windhorst, 2007) . Currently, corn is the main grain used for ethanol production (particularly in the United States); however, in Western Europe and Canada, wheat is predominantly used. The growth in bioethanol production results in increased quantities of coproducts available to feed manufacturers. The main coproduct after fermentation of starch in ethanol plants is dried distillers grains with solubles (DDGS). Traditionally fed to ruminants, DDGS is becoming available for nonruminants in association with the increasing ethanol production. There are considerable published data on the nutritional values of corn DDGS and performance of pigs fed corn DDGS (Pedersen et al., 2007; Stein and Shurson, 2009) . However, there is no comparable information on wheat DDGS, particularly those from modern biofuel plants. The first reports on wheat and corn DDGS (Belyea et al., 2004; Piron et al., 2008) indicated variable qualities because of mixing of grains into the fermentation process and inconsistency of process for DDGS preparation.
Therefore, the objectives of the present work were to measure the DE and ME contents and the total tract digestibility of dietary energy and nutrients of 10 wheat DDGS in growing pigs (Exp. 1) and adult sows (Exp. 2), and to develop prediction equations of DE and ME values in wheat DDGS from their nutrient content and physical properties for growing pigs and adult sows.
MATERIALS AND METHODS
Experiments were conducted at INRA, Saint-Gilles, France, according to the Certificate of Authorization to Experiment on Living Animals, issued by the French Ministry of Agriculture.
Diets
Seventeen samples of wheat DDGS from 7 European ethanol plants were collected from July to September 2007. Ten of the 17 samples were selected to obtain the greatest variability in nutrient and chemical contents among samples to measure their energy value in the pig (Table 1) .
A control diet with no wheat DDGS and 10 experimental diets containing DDGS were formulated to calculate the total tract digestibility coefficients of nutrients and energy and the DE and ME values of wheat DDGS. The composition of the diets used in the experiments is presented in Table 2 . The same diets were used for growing pigs and adult sows. Preliminary observations conducted on 10 pigs (50 kg of BW) fed graded quantities up to 35% of 2 nonexperimental DDGS indicated that the inclusion level of wheat DDGS could not be greater than 25% to maintain their normal feed intake. All ingredients were ground through a 2.5-mm screen (hammer mill). The diets were offered as mash to the pigs. The DM content of each ingredient at the time of preparation was measured to calculate the contributions of each ingredient in each diet on a DM basis.
Animals and Experimental Design
In Exp. 1, sixty-two Piétrain × (Landrace × Large White) castrated male pigs weighing 63 ± 4 kg were assigned to the 11 diets in 3 successive groups of 20 to 22 pigs. Each diet was measured with 6 pigs, with 2 pigs per diet per group. The average BW of pigs was comparable among diets. Pigs were adapted to the diet and to the digestibility cage 10 d before the collection of feces and urine for a period of 10 d. Feed quantity was increased gradually during the adaptation period and was fixed at 2.2 kg during the collection period. This feeding level corresponds to about 2.3 times the ME requirement for maintenance (Noblet et al., 1999) and represents about 90% of the spontaneous feed intake of the cage-housed pigs. All the pigs received their diets twice daily (0830 and 1530 h) in 2 equal meals and had free access to water. In Exp. 2, six Large White × Landrace sows (average BW of 240 kg; after parity 2 or 3) were assigned to the same 11 diets according to a pseudo Latin square experimental design with 8 consecutive periods; the average period number was identical for all diets. Each DDGS diet was measured with 4 to 5 animals, whereas the control diet was measured with each sow. Sows were previously ovariectomized to avoid any effect of estrous cycles and estrus on the feed intake, physical activity, and digestibility measurements. During each period, sows were adapted to the diet for 7 d before total collection of feces and urine during the 8 following days. The 6 sows were kept continuously in individual metabolic cages. Feeding level of each sow was adjusted to 2.4 kg per day, and diets were offered twice daily (0830 and 1530 h). Sows had free access to water and the possibility of mixing their daily feed allotment with water.
Growing pigs and adult sows were weighed at the beginning and at the end of the collection period. Feed refusals and spillage were collected daily and analyzed for DM content. For each diet, a sample of feed was collected during the collection period and measured for its DM content and subsequently used for chemical analyses. Each day, feces and acidified (with H 2 SO 4 to reach a pH below 2.0) urine were totally collected, and a 1% aliquot of urines was prepared. Daily urine aliquot and feces collection were cumulated and stored at 4°C. Collected feces were then homogenized and subsampled for DM analysis and freeze-dried for further chemical analyses at the end of the collection period.
Chemical Analyses
For diet samples and wheat DDGS samples, the AOAC (2000) methods were used for measuring moisture, ash, protein (N × 6.25; Dumas method; Leco 3000, St. Joseph, MI), Weende crude fiber (CF), and crude fat (extracted with petroleum ether; Soxtec Avanti 2050; Foss, Höganäs, Sweden). Gross energy content was measured using an adiabatic bomb calorimeter (IKA C5000, Staufen, Germany). Cell wall fractions (NDF, ADF, and ADL) were determined according to the methods of Van Soest and Wine (1967) by using a sequential procedure with prior amylolytic (thermamyl 120L) and proteolytic (extracted from Streptomyces griseus) treatments. Starch content was measured using the Ewers polarimetric method (EEC, 1972) , and the sugar contents corresponded to alcohol-soluble carbohydrates were measured according to the method of Luff-Schoorl (BIPEA, 1976) . In addition, in vitro OM digestibility (dOMv) and digestible OM content (DOMv) were determined according to the method of Noblet and Jaguelin-Peyraud (2007) . Color scores of all DDGS samples were obtained using an instrument (Minolta Chroma Meter CR-410, Minolta, Osaka, Japan) equipped with a D65 illuminant to measure luminance (L), red index (a), and yellow index (b) according to the method described by McNaughton et al. (1981) . Moisture, ash, CP, and GE analyses were carried out on each sample of feces. Nitrogen in urine was measured on fresh material, whereas energy content was obtained after freeze-drying approximately 30 mL of urine in polyethylene bags.
Calculations and Statistical Analyses
Apparent total tract digestibility coefficients of OM, N, and energy in diets were calculated according to standard procedures (Noblet et al., 1994) : DE content corresponds to the difference between GE intake and the energy losses in feces, whereas ME content corresponds to the difference between DE and the energy losses in urine. In addition, adjusted ME (MEa) value was calculated as the difference between DE value and energy losses in urine calculated for a 50% retention coefficient of N Noblet and van Milgen, 2004 Noblet et al. (1994) .
Data on diets from both experiments (n = 111; 3 measurements on growing pigs were excluded in connection with important feed refusals) were combined and subjected to an ANOVA with diet (n = 11) and physiological stage (n = 2) as main effects and the interaction between pig stage and diet. Preliminary analyses of data from each trial indicated that group effect in Exp. 1 and animal effect in Exp. 2 were not statistically significant (P = 0.13). For these reasons and also for simplification of the statistical analysis, both effects were not considered in the combined analysis of data from both experiments. Furthermore, the effect of DDGS inclusion (control diet vs. experimental diets), physiological stage, and the interaction between DDGS inclusion and stage were tested using orthogonal contrasts.
The DE, ME, and MEa values were calculated for each wheat DDGS sample according to the difference (Noblet and van Milgen, 2004 ) and the multiple linear regression methods (van Milgen et al., 2001) . No differences were found between the calculation methods; therefore, only results obtained with the difference method are presented. Linear regression equations for predicting digestibility coefficients of energy and DE values of wheat DDGS from chemical characteristics were calculated according to a covariance procedure with physiological stage as a fixed effect and chemical content, color indicators, or in vitro digestibility of OM as covariates and the interactions between physiological stage and covariate using PROC GLM (SAS Inst. Inc., Cary, NC). The equations with the smallest residual SD (RSD) are presented.
RESULTS

Chemical Composition of Wheat DDGS
The chemical composition of wheat DDGS was variable for all criteria (Table 1 ). The concentrations of CP, crude fat, and CF averaged 36.1 (32.6 to 38.9), 4.6 (3.6 to 5.6), and 8.3% (6.2 to 10.9%) of the DM, respectively. The concentration of ADF averaged 12.0% of DM and varied from 7.7 to 17.9% among samples. This variability was linked to variable proportions of insoluble protein found in ADF residue. Nitrogen × 6.25 in ADF averaged 2.8% of DM with considerable variability among samples, ranging from 0.4 to 8.2% DM. The starch concentration (% of DM) averaged 4.1% and varied between 2.5 and 9.5%. Nevertheless, this variation was mainly due to 2 products with increased starch content, and the variation in starch content among the other 8 products was small. It should be noted that the sum of crude fat, NDF, starch, sugars, ash, glycerol, lactate, and protein, which approximates 1,000 g/kg of DM in most grains, averaged only 894 g/kg for the DDGS samples. The GE concentration was the least variable criteria (20.45 to 21.21 MJ/kg of DM). With regard to color scores, there was little variation in the values of redness index (a) among DDGS sources, whereas L values (43 to 63) and b values (5 to 19) were more variable and highly correlated (r = 0.98). The L criteria has been used to differentiate dark (L < 50; n = 3), intermediate (53 < L < 56; n = 3), and light products (L > 56; n = 4).
Pearson correlation coefficients among nutrient contents are presented in Table 3 . One objective in the selection of DDGS to be measured in the digestibility trials was to reduce correlations between main chemical characteristics; physical characteristics were then ignored. Apart from the inevitable correlations between the different cell wall fractions (CF, NDF, ADF, and ADL), all other correlations, including the correlations between fiber indicators and starch, were not significant. Nevertheless, correlations between L and crude fat, CF, ADF, ADL, or starch contents were statistically significant. Consequently, groups classified according to color measurements were also different for their chemical composition, and luminance could not be included in prediction equations with one of these criteria. Similarly, groups classified according to starch content differed for their dietary fiber quantity, and both types of criteria could not be considered simultaneously (Tables 1 and 4) .
Digestive Utilization of Energy and N in Diets
Chemical composition of diets (Table 4 ) was in agreement with the analyses of the ingredients. Three growing pigs had substantial feed refusals during the adaptation period and were removed from the study at the end of the adaptation period. All collected animals remained healthy throughout the duration of the experiments. No feed spillage and refusals were recorded. Daily BW gains over the collection period were positive for both stages (403 and 701 g/d for sows and growing pigs, respectively) and were not affected by DDGS introduction in the diet (control vs. experimental diets; Table 5 ).
Data presented in Table 5 indicated the effect of diets and physiological stage on GE digestibility. Gross energy digestibility was greater for adult sows than for growing pigs (84.4 vs. 82.0%; P < 0.001). In addition, GE digestibility was negatively affected by wheat DDGS inclusion (82.7 vs. 88.3%; P < 0.001), and that reduction was not different between growing pigs and adult sows (interaction, P = 0.11). However, there was an interaction between stage and type of diet for OM digestibility (P = 0.03). In spite of greater total N intake for the experimental diets, N retention was similar in the control and the experimental diets. As would be expected, N retention was less and urinary N excretion was greater (P < 0.001) in adult sows than in growing Energy value of wheat distillers grains for pigs Correlation whose absolute value is above 0.62 is different from 0 (P < 0.05). In vitro OM digestibility determined according to the method of Noblet and Jaguelin-Peyraud (2007).
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Luminance evaluated using a Minolta Chroma Meter CR-410 equipped with a D65 illuminant.
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GE digestibility and DE content evaluated on growing pigs (Exp. 1).
6 GE digestibility and DE content evaluated on adult sow (Exp. 2).
pigs. Thus, the ME/DE ratio was smaller (P < 0.001) in adult sows than in growing pigs and in experimental diets than in control diets. Under practical conditions with diets balanced for AA, urinary N excretion represents about 50% of digestible N, which was observed in growing pigs fed the control diet (52%), but less than the value observed in growing pigs fed the experimental diets (66%) in the present experiments. Therefore, urinary losses of energy were calculated for 50% N retention and MEa values were obtained (Table 5 ). The adjustment increased the ME/DE of the experimental diets at both physiological stages. In agreement with energy digestibility data, DE and MEa values were greater (P < 0.001) for the control diet than for the experimental diets. Values were also greater (P < 0.001) for adult sows than for growing pigs (+0.5 MJ/kg of DM). The difference between sows and growing pigs was similar for all diets because no interaction (P > 0.05) of diet and physiological stage was observed.
Wheat DDGS Nutritional Values for Adult Sows and Growing Pigs
Organic matter, N, and energy digestibility, metabolizability of DE, and content of DE, ME, and NE in wheat DDGS calculated using the difference method are presented in Table 6 for both physiological stages. The DE content of wheat DDGS ranged from 11.8 to 16.2 MJ/kg of DM for growing pigs and from 12.5 to 16.4 MJ/kg of DM for adult sows with average values of 14.0 and 14.9 MJ/kg of DM for growing pigs and adult sows, respectively. The ratio of the DE content for adult sow to the DE content for growing pig averaged 107% and ranged from 99 to 112%. These values correspond with digestibility of energy ranging from 56 to 76% for growing pigs and from 60 to 78% for adult sows. Fecal digestibility of OM and N was also greater (P < 0.001 for both) in adult sows than in growing pigs. In addition, these changes in DE content and digestibility coefficients were related to color modifications DE content was 2.2 (sows) and 2.0 MJ/kg of DM (growing pigs) less in dark products compared with light products. By excluding dark products (L > 50), average DE values were 14.6 and 15.6 MJ/kg in wheat DDGS for growing pigs and adult sows, respectively. The DE value of high-starch DDGS was similar in adult sows and less in growing pigs than DE value of low-starch wheat DDGS. The ME/DE ratio calculated from measured diet ME values averaged 89.1 and 89.9% for growing pigs and adult sows, respectively. But, as for diets, this smaller metabolizability of DE obtained with wheat DDGS was due to an excessive urinary N excretion. Therefore, MEa values of wheat DDGS were calculated from diet MEa values, and they averaged 13.1 and 14.0 MJ/kg of DM for growing pigs and adult sows, respectively. The MEa/DE ratios ranged from 93.2 to 94.8% for adult sows and from 93.5 to 94.9% for growing pigs. Finally, NE contents ranged from 7.0 to 10.0 (average: 8.5) MJ/kg of DM for growing pigs and from 7.9 to 10.1 (average: 9.5) MJ/kg of DM for adult sows.
Prediction of Wheat DDGS Energy Value for Growing Pigs and Adult Sows
Prediction equations for GE digestibility and DE content in wheat DDGS are presented in Table 7 . Equations obtained according to a covariance model with stage as a fixed effect and physical (L) or chemical (ADF, dOMv, DOMv) values as covariates differed only for their intercepts (P < 0.01); slopes were identical for both physiological stages. In other words, DE content for growing pigs and adult sows are equally affected by product characteristics. These equations indicated that the variability in GE digestibility and DE value can be evaluated from color score (luminance), either according to a linear (r 2 = 0.69 and 0.58, respectively) or a quadratic (r 2 = 0.67 for DE content) model. Nevertheless, the best single predictor was the fiber content estimated from different procedures with the best prediction from ADF content (r 2 = 0.80 and 0.68 for GE digestibility and DE content, respectively).
Additional models were developed with dOMv values in wheat DDGS. First, dOMv values were variable among DDGS samples (Table 1) and were highly Table 5 . Nitrogen balance and digestibility of energy and nutrients of the control (n = 1) and experimental (n = 10) diets in the growing pig and adult sow The ANOVA on 111 results: 63 in growing pigs and 48 in adult sows. Orthogonal contrasts were used to determine the effect of the physiological stage (n = 2), the effect of wheat dried distillers grains with solubles (DDGS) inclusion (DDGS diets vs. control diet), and the interaction between stage and DDGS inclusion.
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Residual SD, which is the root mean square of the error that applies to the whole model.
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Measured corresponds to the ratio between measured ME and DE, whereas adjusted corresponds to MEa/DE.
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Measured ME calculated as GE minus energy losses in measured urine and feces.
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Adjusted ME corresponds to ME corrected for a 50% retention coefficient of N . The following equations were used: urinary energy in pigs = 192 + 31 × urinary N and urinary energy in sows = 217 + 31 × urinary N, where urinary energy is expressed in kJ per kg of DM and urinary N as g per kg of DMI. Urinary N is estimated as 50% of digestible N.
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NE calculated according to Noblet et al. (1994; Eq. [4] ).
correlated to in vivo OM digestibility (r = 0.79). Second and as mentioned earlier, the equations indicated that physiological stage affects only the intercept of the equations. But, the RSD of equations based on dOMv or DOMv was greater than the RSD of the equation based on ADF (Table 7) . Finally, an alternative approach for estimating DE in adult sows from DE in growing pigs is to calculate a relationship between both values (Figure 1 ).
DISCUSSION
The aim of ethanol production is to maximize the conversion of starch to ethanol during the fermentation process. Then, the DDGS coproducts should contain only a small amount of residual starch. Consequently, wheat DDGS composition would be mostly dependent on the nutrient composition of the grains used to produce the ethanol, assuming that the coproduct contains the nonfermentable fraction, which is more or less equivalent to its non-starch fraction (Ingledew, 1993) . But, additional factors, including the type of cereal grains, the method of fermentation (batch or continuous), the completeness or the duration of the fermentation process, the fiber inclusion, the drying temperature and its duration, and the amount of dried solubles blended with distillers dried grains, may explain the chemical, physical, and nutritional characteristics and variability of DDGS (Spiehs et al., 2002) . Finally, ethanol is not the only product from sugar fermentation. Other products, including yeast, ethyl acetate, acetaldehyde, and methanol, may be generated and remain in DDGS (Hazzledine, 2008) . As observed in our experiments, the sum of fat, protein, NDF, starch, sugars, ash, and moisture did not represent the total mass of DDGS. The difference between 1,000 and the sum of these components expressed as grams per kilogram of DM corresponds to the so-called residue. The data from Sauvant et al. (2004) indicate a residual value of 36 g/kg for low-starch wheat DDGS and 113 g/kg for high-starch DDGS. This latter value is in agreement with the average 106 g/kg recorded in our experiment. It should be noted that some published analyses on corn DDGS showed the total above 1,000 g/kg of DM, which can be explained by analytical mistakes, especially for the dietary fiber fractions (Stein et al., 2006) . The original Van Soest methods (Van Soest and Wine, 1967) can overestimate NDF in DDGS because some insoluble components such as protein may be included in the NDF residue (Dorleans et al., 1995) . Unfortunately, few data showing the effect of insoluble protein in processed feed on the NDF determination are available. This insoluble protein fraction was evaluated in our study and represented 33% of the total CP for the dark products and 23% for the light products. Despite this increased content of proteins in NDF in our experiments with a subsequent overestimation of the NDF content, the residue remained different from zero, which means that constituents other than those we measured should be Table 6 Luminance ranged from 43 to 50 for the dark group, 52 to 56 for the medium group, and 56 to 64 for the light group.
2 Starch content ranged from 2.5 to 4.5% DM for starch content <7% and 8.6 to 9.5% DM for starch content >7% according to the classification of Sauvant et al. (2004) .
3
Only wheat DDGS with luminance above 52 are considered for the low starch category.
4 Adjusted ME energy corresponds to ME corrected for a 50% retention coefficient of N for experimental and control diets, as described by Table 5 ).
5
Net energy calculated according to the difference method from values on diets calculated with Eq.
[4] of Noblet et al. (1994) .
Energy value of wheat distillers grains for pigs considered. Based on our measurements and in agreement with Boulton et al. (1996) , glycerol and lactate were potential contributors to this residue (56 g/kg) but they do not explain total residue. In our experiments, the average starch content of wheat DDGS was less than the values reported by Sauvant et al. (2004) , reflecting a greater optimization of the production of ethanol. However, starch content was variable in our samples. This variability is related to the production process. Sauvant et al. (2004) categorized wheat DDGS as having more or less than 7.0% of starch (as-fed basis) and proposed an average of 13.8 and 4.2% DM in each category. The application of this classification to our samples indicated the prevalence of the first category with only 2 products with starch content greater than 7.0% (as-fed basis). In fact, these samples come from bioethanol plants where wheat bran is removed at the beginning of the process and added back after fermentation. But, this procedure would not influence the DE content of DDGS because the DE Relationship between DE content of wheat dried distillers grains with solubles (DDGS; n = 10, present study) and wheat and wheat milling coproducts (n = 9; Noblet and Le Goff, 2000) in growing pigs and in adult sows. The slope and the intercept of the equation are not affected by trial, and a common equation is proposed.
content for growing pigs averaged 14.1 and 13.9 MJ/ kg of DM for wheat DDGS, which contained 8.7 (n = 2) and 3.0% (n = 8) starch, respectively (Table 6) . These values differ from data reported by Sauvant et al. (2004) who indicated DE content of 15.0 and 12.5 MJ/ kg of DM for the high-and low-starch samples, respectively, which were obtained by extrapolating equations obtained with milling wheat coproducts. The greater DE content in DDGS with low-starch content in our trial experiments is presumably related to the presence of fibrolytic enzymes during the fermentation process that would improve the wheat bran fiber digestibility for pigs with a subsequent enhanced DE value (Gibson and Karges, 2006) .
Additional factors such as heat processing affect negatively the DE content as previously reported by Cromwell et al. (1993) and Fastinger et al. (2006) for corn DDGS. This phenomenon would mainly affect DDGS with low-starch content and is associated with Maillard reactions, producing brown compounds and lesser nutritional values. Our results on low lightness samples (L < 50; n = 3) confirm these observations. The ileal digestibility of AA in these small L-value samples was also particularly small and variable (P. Cozannet, unpublished data). Overall, these results indicate that wheat DDGS with small lightness values and increased incidence of Maillard reactions have the least DE content and GE digestibility, which are in agreement with previous observations with corn DDGS and milk powder (van Boekel, 1998; Pedersen et al., 2007) . To get more realistic nutritional values of wheat DDGS, samples with L below 50 should, then, be given specific values. It can be expected that such poor-quality products will progressively disappear with the improvements in technology. Consequently, it is proposed to subdivide wheat DDGS variability into 3 categories: wheat DDGS with high starch content, wheat DDGS with low starch content under normal drying conditions, and overheated wheat DDGS with low starch content. In our experiments, average DE values of 14.1, 14.7, and 12.6 MJ/kg of DM in growing pigs can be attributed to the products belong to those 3 categories. They can be compared with the literature DE values of wheat DDGS proposed by Nyachoti et al. (2005; n = 2; 14 .09 MJ/kg of DM) and Widyaratne and Zijlstra (2007; 16 .80 MJ/kg of DM), but these authors did not provide any information on starch content and color of the wheat DDGS. Overheated and high-starch wheat DDGS are not frequent under practical conditions and can be ignored.
The energy value of ingredients may be estimated on a ME basis. In most situations, the ME/DE ratio of complete feeds for pigs is approximately 0.96 and corresponds to a situation where about 50% of digestible N is retained in the body. In our experiments, as in most digestibility trials using the difference method, the catabolism of digestible N was different from that 50% ratio with subsequent inappropriate ME values and ME/ DE ratios. For instance, in our experiments, the average measured ME/DE of wheat DDGS was only 89% (data not shown) and a large fraction of digestible protein was catabolized. The most appropriate solution is then to estimate urinary energy (MJ/kg of DMI) from urinary N (g/kg of DMI) where it is assumed that urinary N represents 50% of digestible N. The coefficient of 50% value corresponds to a normal retention coefficient of N in a growing pig or a lactating sow fed a diet that is correctly balanced for AA and with AA supplies meeting the requirements of the animal . The ME/DE ratio became then 94% for wheat DDGS and resulted in MEa, which should be considered as more representative for practical conditions.
The NE content of wheat DDGS can be calculated according to the equations proposed by Noblet et al. (1994) . Using this approach, the average NE/MEa ratio for wheat DDGS should be 64%. This value is markedly less than the average NE/ME ratio of 75% observed with complete feeds (Noblet et al., 1994) . Therefore, it is clear that the energy content of wheat DDGS should be evaluated on a NE basis because of overestimations of their energy value if estimated on a DE or ME basis.
Our results also indicate that DE values in adult sows are greater than in growing pigs, either for complete diets or for wheat DDGS. In agreement with Le Goff and Noblet (2001) and Le Gall et al. (2009) , at least 2 different DE values for wheat DDGS should be assigned, one measured at 60 to 65 kg of BW, which is applicable to the entire growing and finishing period, and one obtained in adult sows, which is usable for all adult pigs (Noblet and van Milgen, 2004) . These latter authors also suggest that the DE difference between adult sows and growing pigs is proportional to the amount of indigestible OM measured in growing pigs and the coefficient of proportionality is dependent on botanical origin of ingredients. Our experiments indicate a coefficient of +1.8 kJ per g of indigestible OM in the growing pig, which is less than the value reported by Noblet et al. (2003) for wheat and wheat coproducts (+3.0 kJ per g). An alternative approach for estimating DE in adult sows from DE in growing pigs is to calculate a relationship between both values. In fact, this relationship for wheat DDGS is quite similar to the relationship established by Noblet and Le Goff (2000) for wheat and wheat milling coproducts; thus, a common prediction equation can then be proposed. Furthermore, this superiority of adult sows would not be dependent on the DDGS characteristics. In other words, growing pigs and adult sows are equally affected by wheat DDGS quality. Consequently, the subdivision of DDGS according to starch content and color for growing pigs might be applicable to adult sows. The DE contents averaged 15.6, 15.6, and 13.5 MJ/kg of DM for high starch, low starch, and low starch and overheated products, respectively.
Unfortunately, the L criterion was not considered in the selection of samples to be measured in the digestibility trials to get weak correlations between Lvalues and other chemical criteria. The fact that L is Energy value of wheat distillers grains for pigs highly correlated with dietary fiber criteria does not allow combining of L-value and chemical indicators in the prediction of energy values of wheat DDGS. Therefore, only simple linear regressions were obtained in this study. In addition, the difference in nutrient profile between overheated and normal coproducts may influence the coefficients of the equations, either based on chemical criteria or on physical criteria. Furthermore, the dietary fiber indicators (e.g., NDF, ADF) are not easy to measure or values obtained in different labs may be rather different. The equations proposed from our experiments should then be used with caution. As proposed in the discussion, it might then be more appropriate to use energy values per category according to their starch content or their color. Nevertheless, additional measurements are required to confirm our findings and increase the number of samples per category.
